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Refinement 

R[F 2 > 2a(F 2 )] = 0.028 

wR(F 2 ) = 0.060 

5 = 0.99 

1709 reflections 

188 parameters 

1 restraint 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.15 e A~ 3 

Ap mi „ = -0.16 e A~ 3 



Key indicators: single-crystal X-ray study; T = 200 K; mean ct(C-C) = 0.002 A; 
R factor = 0.028; wR factor = 0.060; data-to-parameter ratio = 9.1 . 



In the structure of the title molecular salt, C5H 7 N 2 + -C 8 H 11 04 _ , 
the cis monoanions associate through short O— H- ■ O 
hydrogen bonds in the carboxylic acid groups [graph set 
C(7)], forming zigzag chains which extend along the c axis. 
These are interlinked through pyridinium and amine N— 
H- ■ O hydrogen bonds, giving a three-dimensional network 
structure. 

Related literature 

For the structure of racemic «'.y-cyclohexane-l,2-dicarboxyhc 
acid, see: Benedetti et al. (1970). For the structure of the 
racemic ammonium and 2-aminopyridinium salts of cis-2- 
carboxycyclohexane-l-carboxylate, see: Smith & Wermuth 
(2011fl,i>). For graph-set analysis, see Etter et al. (1990). 
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Experimental 

Crystal data 

C5H 7 N 2 + .C 8 H n 0 4 - 
M, = 266.29 
Orthorhombic, Pna2 l 
a = 12.1359 (3) A 



b = 9.8351 (3) A 
c = 11.1850 (3) A 
V = 1335.02 (6) A 3 
Z = 4 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H- ■ A 


D-A 


D— 


H-A 


NL4-HL4- ■ 012' 


0.88 (2) 


1.91 (2) 


2.795 (2) 


180 
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N4L4-H4L4---012" 


0.86 (2) 


2.14 (2) 


2.989 (2) 


168 


(2) 


N4L4-H42A---022 


0.91 (2) 


2.13 (2) 


2.974 (2) 


152 


6(18) 


021-H21-011'" 


0.95 (3) 


1.59 (3) 


2.5302 (17) 


170 


(3) 


Symmetry codes: (i) x, y. 


: + (ii) -x- 


V\,y-\,z + 


; (iii) —x, — y + 1, z 


H 





Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO; 
program(s) used to solve structure: SIR92 (Altomare et al., 1994); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) 
within WinGX (Farrugia, 1999); molecular graphics: PLATON 
(Spek, 2009); software used to prepare material for publication: 
PL A TON. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FJ2453). 
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4-Aminopyridinium c/s-2-carboxycyclohexane-l-carboxylate 
G. Smith and U. D. Wermuth 

Comment 

The structures of Lewis base salts of m-cyclohexane-l,2-dicarboxylic acid (c/s-CHDC) are rare in the crystallographic 
literature and like the parent c/s-acid (Benedetti et al, 1970), exist only in the unresolved racemic form. We have reported 
the structures of the 1:1 ammonium salt (Smith & Wermuth, 2011a) and the 1:1 2-aminopyridinium salt (Smith & Wermuth, 
20 1 1 b) and in our parallel 1 : 1 stoichiometric reaction of c/s-CHDC anhydride with 4-aminopyridine in 50% ethanol-water 

solution we also obtained minor crystals of the title compound, m-C5H7N2 + CsHi 1O4" (Fig. 1) and the structure is reported 
here. 

In the structure of the title compound, the monoanions associate through strong carboxylic acid-carboxyl O — H--0 
hydrogen bonds (Table 1) giving zigzag chains [graph set C(7) (Ettere^a/., 1990)] which extend along c (Fig. 2). The cations 
provide links between these chains through both pyridinium and amine N — # "O car boxyl hydrogen bonds, resulting in a 
three-dimensional structure (Figs. 2,3). 

Experimental 

The title compound was synthesized by heating a solution of 1 mmol of cyclohexane-l,2-dicarboxylic anhydride and 1 
mmol of 4-aminopyridine in 50 ml of 1 : 1 ethanol-water under reflux for 10 min. After concentration to 30 ml the solution 
was allowed to evaporate at room temperature, giving finally a residual viscous oil in which minor well formed colourless 
crystals of the title compound were found. 

Refinement 

Hydrogen atoms involved in hydrogen-bonding interactions were located by difference methods and their positional and 
isotropic displacement parameters were refined. Other H-atoms were included in the refinement at calculated positions [C-H 
= 0.93-0.98 A] and with £/j S0 (H) = 1.2(7 e q(C), using a riding-model approximation. In the absence of a suitable heavy atom 
in the structure, the Friedel pairs (1332) were merged for the final cycles of the refinement. In the structure reported here, 
the cw-CHDC anion has the (\S,2R) configuration. 

Figures 

Fig. 1 . Molecular configuration and atom naming scheme for the cation the anion species in 
the title salt. Inter-species hydrogen bonds are shown as dashed lines and displacement ellips- 
oids are drawn at the 50% probability level. 
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Fig. 2. A perspective view of the unit cell showing the hydrogen-bonded zigzag C(7) cis- 
CHDC monoanion chains and their inter-linking cations, with hydrogen bonds shown as 
dashed lines. Non-associative H atoms are omitted. For symmetry codes, see Table 1 . 



Fig. 3. A view of the hydrogen-bonded structure looking down the c axis. 



4-Aminopyridinium c/s-2-carboxycyclohexane-1 -carboxylate 



Crystal data 
C5H 7 N 2 + -C8Hn04~ 
M r = 266.29 
Orthorhombic, Pna2\ 
Hall symbol: P 2c -2n 
a = 12.1359 (3) A 
6 = 9.8351 (3) A 
c = 11.1850 (3) A 
V= 1335.02 (6) A 3 
Z=4 



^(000) = 568 

D x = 1.325 MgrrT 3 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 4840 reflections 
6 = 3.2-28.7° 

H = 0.10 mm -1 
J=200K 
Block, colourless 
0.30 x 0.25 x 0.20 mm 



Data collection 

Oxford Diffraction Gemini-S CCD-detector 
diffractometer 

Radiation source: Enhance (Mo) X-ray source 
graphite 

Detector resolution: 16.077 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Oxford Diffraction, 2010) 
T min = 0.948, J max = 0.990 
9670 measured reflections 



1709 independent reflections 

1448 reflections with / > 2a(7) 
ic int = 0.029 

Qmax = 28.8°. 

A = -16-»15 
jt = — 12— »13 
/ = — 13— »-15 



Refinement 



Refinement on F 
Least-squares matrix: full 



R[F 2 > 2o(F 2 y\ = 0.028 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 
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wR(F 2 ) = 0.060 

5 = 0.99 

1709 reflections 
188 parameters 
1 restraint 



H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[a 2 (F 0 2 ) + (0.0357P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax = 0.15eA~ 3 

Ap m in = -0.16eA~ 3 



Special details 

Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the 
variances of the (full) variance-covariance matrix. The cell e.s.d.'s are taken into account in the estimation of distances, angles and tor- 
sion angles 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A 2 ) 
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Symmetry codes: (i) x, y, z+1; (ii) - 


-x+V2,y-m, z+1/2; (iii) -x, 


-y+\, z+1/2; (iv)x+l/2, 


-y+V2,z+l\. 
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